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Abstract — In the last decades, it has been shown that the properties of the enamel used in 
the induction motor were improved by adding the nano fillers to it. The performance of the 
motor was also improved by using the enamel filled with the nano fillers. In this paper, the 
performance of the single phase induction motor coated with A1 2 0 3 nano filler mixed 
enamel was analyzed by conducting many tests such as open circuit test, short circuit test, 
load test and thermal withstanding test on it and the results were compared with that of the 
normal single phase induction motor. The test results show that there was a tremendous 
improvement in the performance of the single phase induction motor coated with A1 2 0 3 
nano filler mixed enamel when compared to that of the normal single phase induction 
motor. The efficiency of the induction motor was increased to a maximum 6 % by adding 
nano filler of A1 2 0 3 to the enamel used as the coating for the windings in the single phase 
induction motor. The addition of nano fillers to the enamel has increased the temperature 
withstanding capacity of the induction motor. Hence the life time of the motor will be 
increased. 

Index Terms — Single Phase Induction motor, Enamel, Coating, Nano Filler, A1 2 0 3 , 
Harmonics, Load test, Open circuit test, Blocked rotor test, EMI and EMC. 

I. Introduction 

Single-phase induction motors were used extensively for smaller loads in industries. Although most AC 
motors have long been used in fixed-speed load drive service, they were increasingly being used in variable- 
frequency drive (VFD) service, variable -torque centrifugal fan, pump and compressor loads being by far the 
most important energy saving applications for VFD service. Squirrel cage induction motors are most 
commonly used in both fixed- speed and VFD applications. The efficiency of the induction motor depends 
upon the insulation used [1]. For motors, the enamel was used for three purposes: impregnation, coating and 
adhesion. The efficiency of the induction motor can be increased by adding the nano fillers with the enamel 
which was used as coating for the windings of the motor. In this paper, the performance of the normal single 
phase induction motor and the nano alumina filled enamel coated single phase squirrel cage induction motor 
was analyzed and the results were compared with each other. 
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II. Proposed Work 



The micro particles of alumina were converted into nano particles by using ball mill method [4] [6]. The 
particle size was augment by SEM [7]. The enamel was mixed with the alumina nano fillers with the help of 
ultrasonic vibrator [8] [9]. Then this enamel filled with alumina nano filler was coated to the windings of the 
induction motor. Several tests were conducted to examine the efficiency, thermal withstanding capacity, 
harmonics and EMI of this motor [2] [3]. The several steps involved in this project were shown in the figure 
1. 
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Figure 1 Block diagram of proposed work 
The specifications of the single phase capacitor start capacitor run motor used for this research work were 
shown in the table I. 



Table I. specification of Single Phase Motor 



Quantity 


Rating 


Phase 


1<D 


Capacity 


0.5 HP 


Voltage 


230V 


Current 


4 A 


Speed 


1500 



III. Performance Analysis of Induction Motor without and with Nano Coated Copper Winding 

The performance of induction motor was analyzed by conducting various tests such as Open circuit test, 
Short circuit test, Load test, Thermal withstanding test, measurement of Electro Magnetic Interference and 
Harmonics. Open circuit test and short circuit test were conducted to predetermine the efficiency of the motor 
whereas the efficiency of the induction motor was determined by load test. The thermal performance of the 
motor was obtained by conducting thermal withstand test. Electro Magnetic Interference was measured in the 
terms of Gauss and Tesla by using Gauss meter and Tesla meter. Power Quality Analyser was used to 
measure the harmonics in terms of voltage THD and current THD. 

A. Open Circuit Test on Induction Motor without and with Nano Coated Copper Winding 

Open Circuit Test was conducted on the motor under no load condition [5]. The input current, voltage and 
power were measured by connecting the ammeter, voltmeter and wattmeter in the circuit. The following table 
2 and 3 show the No-load test readings of induction motor without and with nano coated copper winding. 

Table II. No-load test readings of induction motor without nano coated copper winding 



Line Voltage 

(v) 


Line Current 

(A) 


Reading 


Power 


Speed 
N in rpm 


220 


3.7 


35 


140 


1485 



Table III. No-load test readings of induction motor with nano coated copper winding 



Line Voltage 

(v) 


Line Current 
(A) 


Reading 


Power 


Speed 
N in rpm 


220 


3.9 


40 


160 


1495 



B. Short Circuit Test on Induction Motor without and with Nano Coated Copper Winding 

In Blocked rotor test, the rotor was held fixed so that it will not rotate [10]. A reduced voltage was applied to 
limit the short circuit current. This voltage was adjusted with the help of autotransformer so that the rated 
current flows through main winding. The input voltages, current and power were measured by connecting 
voltmeter, ammeter and wattmeter respectively. Figure 2 shows the circuit diagram for the blocked rotor test. 
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Figure 2 Circuit Diagram for Short Circuit test 

The following table 4 and 5 show the Blocked rotor test readings of induction motor without and with nano 
coated copper winding. 

Table IV. Blocked rotor test of induction motor without nano coated copper winding 



Line Voltage 


Line Current 


Reading 


Power 


Speed 


(v) 


(A) 






N in rpm 


80 


4 


65 


260 


0 



Table V. Blocked rotor test of induction motor with nano coated copper winding 



Line Voltage 


Line Current 


Reading 


Power 


Speed 


(v) 


(A) 






N in rpm 


41 


4 


35 


140 


0 



C. Load test on Induction Motor without and with Nano Coated Copper Winding 

Efficiency was determined by conducting load test on the induction motor as per the circuit diagram shown 
in the figure 3. 




1 phase variac 

Figure 3 Circuit Diagram for Load test on Single Phase Induction Motor 



The efficiency of the nano coated motor was increased to a maximum of 6 percent. This was mainly due to 
reduction of dielectric losses in Nano coated motor [12]. The readings were calculated for various loads and 
tabulated below in Table 6. 

D. Thermal withstanding test on Induction Motor without and with Nano Coated Copper Winding 

Temperature of dielectric material in copper winding of induction motor was highly related with its life time 
[10] [12] [13]. The motor was given the rated voltage of 230 volt with the help of autotransformer. The motor 
was loaded at different load current. The thermometer was placed on the copper winding of induction motor. 
The values of temperature withstanding capacity of Induction motor in both cases were tabulated below in 
Table 7. 
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Table VI. Load test readings of induction motor without and with nano coated copper winding 



Motor Without nano coating 


Motor With nano coating 


Current (A) 


Efficiency (%) 


Current ( A ) 


Efficiency (%) 


3.9 


41.46 


4 


53.65 


4 


51.31 


4.1 


65.15 


4.2 


69.50 


4.2 


67.79 


4.3 


69.22 


4.3 


72.40 


4.4 


68.73 


4.4 


74.49 



Table VII. Thermal withstanding capacity of induction motor without and with nano coated copper winding 



Time 
(min) 


Without 
Nano coating 
(Celsius) 


With Nano coating 
(Celsius) 


0 


30 


30 


5 


44 


40 


10 


48 


43 


15 


50 


46 


20 


53 


49 


25 


55 


50 


30 


57 


53 



E. Measurement of electromagnetic interference on Induction Motor without and with Nano Coated Copper 
Winding 

The electromagnetic interference was measured by means of Gauss meter and Tesla meter. Table 8 shows the 
values of electromagnetic interference produced normal induction motor and nano coated induction motor 
in terms of Gauss and Tesla [5] [11]. From these measurements, it was observed that there was a reduction of 
5-15 % in the values of the electromagnetic interference produce by the normal induction motor when 
compared to that of nano composite filled enamel coated induction motor at various distances. 

Table VIII. Measurement of electromagnetic interference of induction motor without and with nano coated copper 

WINDING 



Distance in cm 


Without nano coating 
(milligauss) 


With nano coating 
(milligauss) 


7 


155 


130 


9 


104 


80 


10 


78 


65 


12 


47 


45 


14 


32 


30 


15 


26 


25 


20 


10 


5 



F. Measurement of Harmonics on Induction Motor without and with Nano Coated Copper Winding 

Harmonics measurement of an industrial unit was done to asset the power quality aspects in a typical factory. 
The harmonics of network voltage will have effect on operation of all electrical equipment like relays, 
measurement equipment and electric motors. Many parameters like different load cycling, switching, 
working in hot weather, harmonics and unbalances were the major reasons for temperature rise of the motors. 
The electrical losses such as iron, winding and stray load losses will depend on order and magnitude of 
harmonics. Hysteresis loss and eddy current loss that take place in the Iron vary with the square of the air-gap 
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voltage. The harmonic currents are proportional to the magnitude of voltage harmonics, i.e. the stray load 
loss and winding loss vary with the square of the voltage harmonic. 

Voltage THD of induction motor without and with nano coated copper winding: Voltage THD was measured 
using Power Quality Analyser. For the rated voltage the maximum THD for induction motor without nano 
coated copper winding was recorded as 8.7%. The maximum THD recorded after the coating of alumina 
nano filler in the copper winding of single phase induction motor was 3.9%. The influence of 5 th and 7 th 
harmonics was also reduced. Figure 4 shows the voltage THD comparison. 
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Figure 4 Voltage THD Comparisons 

Current THD of induction motor without and with nano coated copper winding: Current THD was also 
measured using Power Quality Analyser. For the rated current of 4. OA the maximum THD for induction 
motor without nano coated copper winding was recorded as 7.8%. The maximum THD recorded after the 
coating of alumina nano filler in the copper winding of single phase induction motor was 3.6%. The 
influences of 5 th and 7 th harmonics were also reduced. Figure 5 shows the current THD comparison. 
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Figure 5 Current THD Comparisons 
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IV. Conclusion 



The following observations were clear as per this study: 

1 . The efficiency of the induction motor was increased to a maximum 6 % by adding nano filler of AI2O3 to 
the enamel used as the coating for the windings in the single phase induction motor. 

2. The addition of nano fillers to the enamel has increased the temperature withstanding capacity of the 
induction motor. Hence the life time of the motor will be increased. 

3. There was a reduction of 5 to 15% in the values of the electromagnetic interference produced by the 
Induction motor without nano coated copper winding when compare to that of nano composite filled 
enamel copper winding of Induction motor 

4. By the addition of alumina nano fillers in the copper winding of single phase induction motor there was 
reduction in the THD by 55% which in turn reduces the Iron, winding and stray load losses occur in 
induction motor. 
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